The surface degradation of composite resins caused by accelerated aging was studied. Accelerated aging for 900 hours caused erosion of the resin matrices and exposure of filler particles.
Introduction.
The wear of posterior composite restorations has been described by Kusy and Leinfelderl as a process where exfoliation of the inorganic filler particles occurs as the resin matrix is continually worn away. O'Brien and Yee2 have reported crazing of the polymer matrix on the occlusal surfaces of several clinical restorations. They suggested that the loss of irregularly shaped inorganic filler particles occurs through the cohesive failure of the matrix rather than interfacial failure. The purpose of this investigation is to describe the surface degradation of restorative resins caused by accelerated aging conditions. Materials and methods. Seven commercial composite resins and an acrylic restorative resin were tested. Codes, shades, batch numbers, and manufacturers of the materials are listed in Table 1 .
Eight disks (36 mm in diameter and 1.3 mm in thickness) were made for each product by polymerizing five specimens in a rough metal die and three specimens in a smooth plastic die. The specimens were placed in an oven at 370C within 90 seconds after initiating the mix and were stored for 24 hours before making the baseline evaluation. Specimens of the composite resin activated by ultraviolet light (N) were polymerized by exposing one side of the sample to an ultraviolet light source* for two minutes at a distance of 5 cm.
The disks were exposed to conditions of accelerated aging for a total of 900 hours in a weathering chamber' at 43 C and 90 percent relative humidity. One surface of each sample was subjected continuously to the radiation of a 2500-watt xenon light source* filtered by borosilicate glass and to an intermittent water spray for 18 minutes every two hours. Evaluations of color and roughness were made before weathering (baseline) and after exposures of 300, 600, and 900 hours. Data for percent reflectance versus wavelength (X) were obtained for the samples between 405 and 700 nm with a doublebeam, ultraviolet-visible spectrophotometer § and integrating sphere.# The output data of the spectrophotometer were recorded (AX = 5 nm) on punched paper tape through a digital intercoupler. ¶ Luminous reflectance (Y), dominant wavelength (DW), and excitation purity (EP) were obtained for each Results.
The ratio of parameter of color (Xback/ Xfront) that showed the greatest change during aging was the ratio for excitation purity, as shown in Table 2 , for composite resin S made in the smooth die. Between 0 and 600 hours, the side of the sample exposed to the xenon light became more chromatic than the unexposed side. Between 600 and 900 hours, the excitation purity of the exposed side of S became much less chromatic than the unexposed side.
The ratios of excitation purity after 900 hours of aging for the samples prepared in the rough and the smooth dies are listed in Table 3 . The largest values of this ratio were observed for the composites P, S, and V and for the acrylic resin SV. The ratios determined for the samples made in the rough die were larger than the ratios of the samples made in the smooth die. With a few exceptions, the ratios were greater than 1.00, indicating that the exposed sides of the resins were less chromatic than the unexposed sides.
The average roughness of the front and back sides of S as a function of aging is shown in Table 4 . Between 0 and 600 hours, the changes in average roughness of both surfaces were small. After 900 hours of aging, however, the average roughness of the exposed surface was much greater than that of the unexposed surface or the exposed surface at 600 hours.
Values of average roughness (R) of the exposed sides of the samples prepared in the rough and smooth dies are shown in Table 5 after 900 hours of aging. The changes in average roughness (Z\R) between 0 and 900 hours are also listed. For samples made in the rough die, changes in roughness and profile were observed, as illustrated in Fig.  1 for C and S. After aging for 900 hours, the exposed surfaces of the samples became rougher because of exposure of the filler particles. For P, S, V, and SV, the profile decreased enough to lower the average surface roughness. For A, C, N, and RA, the average surface roughness increased, suggesting there was little change in the profile. The samples made in the smooth die all became rougher after 900 hours of aging, except N and SV. The average roughness of N did not change during aging, whereas that of SV decreased from its initial value which was considerably greater than that of the composites.
Scanning electron photomicrographs of the surfaces of A, N, P, and SV made in the rough die are shown in Fig. 2 after aging for 900 hours. The surfaces of A, C, and RA were similar, as well as those of P, S, and V. However, the surfaces of N and SV were different from those of the other materials, and surface crazing was observed for the latter.
Discussion.
Accelerated aging for 900 hours caused surface degradation of the materials tested. Erosion of the composite matrices and exposure of filler particles were observed. The erosion process seemed to occur at different rates for the various materials as evidenced by the changes in the surface profiles of P, S, V, and SV when compared to A, C, N, and RA. Measurements of volume loss on samples of a more appropriate size than those in this study would help confirm the different rates of erosion.
Studies of in vivo composite restorations have also reported surface crazing and exposure of filler particles.1'2 In the present study, these phenomena probably were accelerated by the radiation of the xenon lamp. Such radiation may cause a freeradical degradation of the composite resin matrix in vitro which is accelerated by a +Mean of three replications with standard deviations in parentheses. Scheffe interval is 0.22 ,m at the 95 percent level of confidence.
source other than ultra-violet radiation in vivo. The relative importance of the water spray and the xenon radiation on the surface degradation in vitro remains to be determined. The effect of accelerated aging of composites on their resistance to mechanical forms ofwear, such as abrasion and singlepass sliding, must also be evaluated.
Conclusions.
Conditions of accelerated aging for 900 hours caused erosion of the matrices and exposure of filler particles of the composite resins tested. The surface degradation was evaluated by changes in excitation purity and roughness. Differences in surface profiles after aging suggested that the materials eroded at different rates. It may be that accelerated aging could be used as a model to simulate the erosive wear of composite resins.
